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(57) In a data switch such as an ATM switch, delay within a switching core is measured by stamping a data 
packet with time information on an input side of the switch core and reading the time stamp information on 
the output side of the switch core. The time stamp is preferably inserted in a dummy header and may be 
applied to cells of a particular characteristic, for example on a particular connection. 
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. DATA SWITCH PERFORMANCE MONITORING 

The* present .invention relates to. data switches, particularly, but not 
exclusively, packet switches such as ATM switches. . 

In a communication network comprising a series of data switches or nodes, 
it is often desirable to monitor network performance, for example by 
monitoring parameters such as overaN.delay across a communication link and 
the variations in delay. This may be necessary in order to ensure that 
agreed performance criteria for a particular connection are, met. 

Conventionally, this is achieved by sending additional data, for example 
special cells or packets (the terms "cell" and /'packet" are used 
interchangeably herein to denote discrete quantities of data together with 
any associated addressing or control information) and monitoring their transit 
through the network. For example a monitoring cell may be sent across the 
network carrying data encoding a transmission time and the time of receipt 
at the destination may be recorded to give a measure of average transit 
delay. The measurement may be repeated for a number of cells, to give 
measurement of variations in transit delay. 

A problem that has been appreciated with this method is that the insertion 
of such cells uses r network bandwidth and also, may, give unreliable 
measurements*, as the very act of measuring, the. transit delay may alter the 
measurement.. Another problem the inventor has appreciated is that if 
specially identified cells are used to carry the. information,, for example 
Operations And Maintenance (OAM) cells in an ATM network, these may be 
handled differently from "normal" data, cells within switches within the 
network, and the transit delay for these cells may be markedly different from 
the transit delay for normal data traffic. Another problem the inventor has 
identified is that with such methods, if congestion is identified, it is not easy 
to determine exactly where the congestion is occurring. 
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The present indention aims to alleviate the above problems. 

In a first aspect, the invention provides a diata switch including a switch core 
for switching packets of data, the switch comprising, on an input side of the 
switch core, means for adding time stamp information to one or more data 
5 packets to be switched; and, on an output side of the switch core means for 
obtaining a measure of the delay of the or each packet within the switch 
based on the time stamp information. 

In this way, a measure of the actual transit delay for genuine data cells (as 
opposed to inserted monitoring cells) can be obtained for a specific 
10 connection in a specific switch in the network. This may allow the source 
of any congestion to be pinpointed much more readily. 

Preferably, the switch is arranged to add time stamp information, or at least 
a dummy header corresponding to the time stamp information to all data 
cells, or at least all data cells of specified characteristics, passing through 
15 the switch core. In this way, the act of time-stamping a particular cell 
should not alter the measurement, so the readings may be more reliable. In 
addition, if all cells are time stamped similarly, processing of the cells may 
be more uniform, and hence the switch architecture may be simplified. 

Preferably, the switch has means for selectively monitoring transit times of 
20 cells having defined characteristics^ For example, the monitoring may be 
configurable to mohitor all cells defining a particular route through the 
switch, or all cells originating from a given input or a given output. Where 
the data communication protocol is [ of a type which supports virtual 
connections, for example an ATM network in which virtual paths (VPs) and 
25 virtual channels (VCs) are defined,' the monitoring means is preferably 

configurable to monitor transit times for cells (either all cells or a defined 
proportion of cells) having defined VPIs and/or VCIs. 
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. Preferably, the switch has -means for performing a plurality of independent 
. monitoring operations, concurrently. For example, the switch may include 
means for selecting' a>--first .'traffic stream to monitor corresponding to cells 
conforming to a first set of defined criteria (for example a defined VCI and/or 
5 VPI) and a second traffic stream to monitor corresponding to cells 

conforming to a second set of defined criteria: The data switch will normally 
include routing table means for storing information controlling the routing of 
cells within the switch. Preferably, the routing table means is arranged to 
store information controlling the monitoring of cells. For example, in an 

10 ATM switch, there will normally be a routing table containing information 
controlling translation of VCI and VPI values and physical routing of cells 
from inputs to outputs, as well as policing parameters. It is preferable if the 
routing table is arranged to store additional information (for example one or 
more flag bits) specifying whether or not cells on a particular connection are 

15 to be monitored, and, in the case of more than one independent monitoring 

operation to ; be performed; an identifier of the monitoring operation 
associated with the cells. This allows an operator great flexibility in 
choosing which cells to monitor, and can simplify identification of problems. 
For example, at a simple level, cells on a single VC could be monitored in a 
20 single monitoring operation. In addition cells on multiple VCs, having a 

common characteristic, for example all originating from a common source, 
or travelling, at least at some stage in the network, along a common link, 
may be monitored in a separate monitoring operation. 

Preferably, the monitoring means is arranged* to increment at least one 
25 counter value in dependence on the measure of transit delay for the cell. In 

a simple implementation,: the monitoring means may be arranged to 
increment a single counter value for each cell for which the transit delay 
exceeds a predetermined threshold: 

More preferably, however, the monitoring means is arranged to increment 
30 one of a plurality of counters, each counter corresponding to a 
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predetermined<range of transit delays. This may allow a histogram of cell 
transit times- to; be monitored, fronmwhich a measure of variation in cell 
transit times can be determined, in addition to determining a proportion of 
cells which exceed a desired transit time. • 

5 In a preferred implementation, the data switch is associated with means for 
displaying transit time values graphically. 

The data switch may. be associated with a network controller for controlling 
a plurality of data switches, the network controller being arranged to 
configure each data switch to monitor cells of a defined characteristic and 

10 to obtain the: results ;of monitoring from each data switch. Preferably, the 
network controller includes means for inputting an identifier of a connection 
across the network to be monitored and is arranged to configure each data 
switch associated with that connection to monitor cells associated with the 
.connection and to return the results of monitoring to the network controller. 

15 * ■• The network controller is most preferably arranged to provide a visual output 
. of .a representation of each network node and the transit delay data 
associated with that network node (preferably as a histogram associated 
with . each *n,ode> but; optionally numerically or by means of other visual 
symbols), r r . . ■ . . » 

20 Preferably, in addition to obtaining a, measure of transit delay within the data 

switch (intra-node delay), the network controller is arranged to determine a 
measure of transit delay between network nodes (inter-node delay). This 
may be achieved either in the conventional manner by sending one or more 
. special cells.across the network, .or by correlating the time stamps assigned 

25 to cells in each switch. Preferably, correlation of the time stamps comprises 

communicating the time stamp and an identifier of the cell to which it relates 
to a controller, preferably the network controller. The local time used to 
generate the time stamp at each data switch is preferably synchronised, or 
a table of absolute off-set values relative to a reference time may be stored. 



> GPS time, or other universal time reference, may be input and employed to 
correlate cell transit times. . : 

Communication between switches and a network controller may be effected 
by dedicated communications links, or by means of the network itself. A 
protocol such as SNMP (Simple Network- Management Protocol) may be 
employed. .. .... : . - , . 

The transit times determined within the switch may be provided as an input 
to means for determining queuing orderwithin the switch; in this way 
queuing can be adjusted dynamically to take into, account actual delays 
within a switch. The priority level assigned to a queue may be adjusted in 
response to a measure of actual transit time for cells associated with that 
queue. In particular, in response to detection that transit delays are 
exceeding a predetermined threshold (for example an agreed delay time) for 
a particular queue or connection, the connection or queue may be assigned 
a high or maximum priority. 

The invention extends to methods of operation and to networks 
implementing time stamping in at least some switches. Further aspects are 

set out in the claims. , -r :\ . 

An embodiment of the invention will now be described, by way of example, 
with reference to the accompanying drawings in which; ... 

Fig. 1 is a schematic view of a portion of a simplified network 
according to a first embodiment; and. 

Fig. 2 is a schematic view of a switch according to a further 
embodiment. 
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Referring to Fig. 1 , a simplified network comprises first and second data 
switches 10a, 10b which are connected to each other and to other switches 
and nodes (not shown). For ease of urfderstanding, a unidirectional network 
will be described (in practice, a bi-directional network can be composed of 
5 paired unidirectional connections, as is well known); it is to be assumed that 
data flows from left to right irt the diagram. 

- Each switch' 10a, 10b includes, oh an input side, a time stamper 12a, 12b 
for adding a time stamp to data packets as they enter the switch. The 
stamped packets are passed to a switch core 14a, 14b where they are 

1 0 routed appropriately and emerging data packets pass through a time stamp 
reader 16a, 16b which determines a measure of transit delay from the 
difference between the time at which the stamp is read and the stored time. 
To give an accurate measure of cell delay within the switch, each time 
stamper 12a, 12b should ideally be located (logically) as Close as practical 

15 to the input of the switch, and preferably before any buffering or at least 
before substantial buffering or buffering which introduces a significantly 
variable delay. Likewise, each time stamp reader 16a, 16b should be 
located (logically) as close as practical to the output, preferably after all 
substantial buffering. 

20 Each switch is arranged to receive an input of GPS time from a respective 
GPS receiver 18a, 18b. The input GPS time is supplied via a controller (not 
shown in Fig. 1) to the time stampers 1 2a, 1 2b. The time stamp applied to 
a particular cell is read by readers T 6a, 1 6b when the cell emerges from the 
switch fabric and compared to the current time. By comparing the times of 

25 input and egress, a measure of cell transit delay within the cell (intra-node 

delay) can be obtained. Furthermore, by correlating times between 
switches, a measure of inter-node delay can be obtained; this may be 
achieved by encoding the GPS time value in the cell contents for 
transmission across the network, or by passing information relating to cells 

30 between switches by some other means, for example by means of network 



- 7 - 



management messages. . :: 

In the embodiment schematically depicted, information collected from a 
number of switches is passed to a network controller 20, typically over the 
network itself, for example using Simple Network Management Protocol 
5 (SNMP). This is arranged to display graphically, for example, a histogram 

22a shown variation of cell delays within a given switch and a histogram 
22b shown variation of cell delays on a given connection. Inputs 24 are 
•_ providedto enable a user to.sslect the monitoring.operation to be performed. 

Referring to Fig. 2, a switch according to a further embodiment, in which 
10 weighted fair queuing is employed, will now be described. 

A switch 1 10 is arranged: to receive input ATM cells, for example from a 
fibre-optic medium, and add an internal header to the cells, to facilitate 
routing within the cell, in a^re-processor 112. The details of this may be 
based, for example, on arrangements described in . our earlier UK patent 

15 applications nos 9810076.1, 981 0080.3, and 981 01 02.5,, the disclosures 

of each of which are incorporated herein by reference. In addition to adding 
a header containing internal routing information, the cell pre-processor 1 12 
adds a time stamp supplied by time stamper 1 1 3. The time stamper 1 1 3 is 
under the control of controller 122 and can be set to stamp only cells of a 

20 defined type, for example based on information stored in routing table 1 24. 

As aa example of selective monitoring;, based on information within the 
routing table, the time stamper may stamp only cells having, particular YCI 
or VPI values, or may assign a particular flag value to cells of particular VCI 
or VPI values so that those cells may be later distinguished and monitored 
25 as a specific group. . < : 

The cells are supplied to a plurality of queues 1 20a... 1 20d for buffering prior 
to passing to switch fabric 114. In the simplified embodiment depicted, 
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there are four queues shown, but there may be many more queues in a 
practical implementation. For example, there may be one queue per output 
of the switch fabric. More preferably, there is one queue per connection, or 
at least several queues per switch fabric output, one for each class of 
5 connection; Particularly where large and variable numbers of queues are 
provided, the queues are preferably allocated dynamically in software. 

The order ih which cells are output from the queues will depend on switch 
fabric availability, but is under the influence of controller 122, which is 
initially set to implement a predetermined priority scheme. 

10 After routing within the 1 switch fabric 114, the cells emerge to one of a 
plurality of post-processors, of which a single example 1 1 6 is depicted. The 
post-processor removes the internal header and passes the cells to, in this 
embodiment, one of two outputs, the output being selected in dependence 
on the contents of the internal header. The post-processor incorporated a 

15 time-stamp reader 1 1-7 Which reads any time stamps oh cells emerging and 

communicates information based on this, together with an identifier of the 
' cell where required to the controller 122. 

It will be appreciated' that an incoming cell may in principle be directed by 
the switch fabric to any of the outputs. To monitor transit delays, it is 

20 therefore necessary to measure time stamps at each output; this may be 
achieved by multiple controllers or a single controller within the switch 
communicating" with each input arid output interface. In the embodiment 
depicted, the controller has a link 128 to other interfaces and is able to 
monitor all inputs and outputs. In a' practical implementation, there may be 

25 a central system controller performing overall supervision of the switch, with 

certain monitoring tasks delegated to separate slot controllers, each 
associated with one input or output or a subset of the inputs and outputs. 

The controller 122 is arranged to modify the priority scheme to take into 



account measured cell delays. Where cells are queued on a per-connection 
basis and monitoring isperformed for each connection, accurate control of 
delays on each connection maybe effected within tight tolerance limits. In 
other cases, the priority scheme may be altered only in case of exception, 
for example when it is determined that cells in a particular queue {however 
that queue is organised) are becoming unduly delayed. 

Because more direct control of transit delays is possible, novel services, in 
place of conventional CBR, VBR, ABR, etc services may be implemented. 
For example, a guaranteed throughput may be specified. 

To effect control and monitoring of cell delays across a network and to use 
the information collected within the switch for network management 
purposes, it is necessary for the controller to communicate with the world 
outside the switch. This is effected by means of network management 
agent 126, for example running SNMP, which conveys the information 
generated by the controller to external network management devices. In the 
embodiment depicted, the network management agent communicates with 
the switch fabric 1 14 directly, for inserting and receiving cells, for example 
OAM cells, for communicating across the data network in which the switch 
operates. It is possible, however, for dedicated control links to be provided 
independently of the data links. 

Where inter-node delays are to monitored, the network management agent 
may send information enabling particular cells to be "tracked'' from node to 
node; This may be achieved by using special cells encoded in a particular 
way; however, this requires additional cells and runs the risk that the special 
cells will encounter different delays to "real" cells which it is desired to 
monitor. Another option is to calculate a "signature" for one or more cells, 
and communicate this signature together with cell arrival or departure time. 
Then, by comparing departure and arrival times for cells having matching 
signatures at different nodes, transit delays across the network may be 
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monitored. TBe signature should- be sufficiently distinctive to minimise the 
chance of a false match; even so, it is- desirable to match' signatures for a 
sequence of cells, so that spurious matches can be isolated. A four octet 
signature (32 bits), provided it is suitably chosen {for example based on a 
CRC algorithm) should theoretically produce a false match every 2"32 cells 
(approximately 1 in 4MCT9). Given the very high cell throughput rates of 
a typical switch, isolated false matches will still occurr, but the chances of 
a sequence of false matches occuring are remote ■ 

The examples described above enable intra-node and inter-node delays to be 
monitored and enable queuing to be adjusted to take into account actual 
delays. Other applications and implementations of the invention are 
possible, and the invention is not to be construed as limited to the examples 
described above. 

■ Each feature described herein may be independently provided, unless 
otherwise stated. ' 
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Claims 

1 . A data switch including a switch core for switching packets of data, 
the switch comprising, on an input side of the switch core, means for adding 
time stamp information. to one or more data packets to be switched; and, on 

5 an output side of the switch core means for obtaining a measure of the delay 
of the or each packet within the switch based on the time stamp 
information. 

2. A switch according to Claim 1 arranged to add time stamp 
information, or at least a dummy header corresponding to the time stamp 

1 0 information, to all data cells of specified characteristics passing through the 
switch core. 



3. A switch according to Claim 1 or 2, having means for selectively 
monitoring transit times of cells having defined characteristics. 

4. A switch according to Claim 3, wherein the monitoring means is 
15 configurable to monitor transit times for cells having defined VPIs and/or 

VCIs. 

5. A switch according to any preceding claim having means for 
performing a plurality of independent monitoring operations concurrently. 

6. A switch according to any preceding claim including routing table 
20 means for storing information controlling the routing of cells within the 

switch and further arranged to store information controlling the monitoring 

. ' - '■*.■■*'. . * 

of cells. 

7. A switch according to Claim 6 wherein the routing table is arranged 
to store additional information specifying whether or not cells on a particular 

25 connection are to be monitored, and preferably an identifier of the monitoring 
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operation associated with the cells. 

8. A switch according to any preceding claim wherein the monitoring 
means is arranged to increment at least one counter value in dependence on 
the measure of transit delay for the cell. 

9. A switch according to Claim 8 wherein the* monitoring means is 
arranged to increment one of a plurality of counters, each counter 
corresponding to a predetermined range of transit delays. 

1 0. An arrangement comprising a data switch according to any preceding 
claim associated with means for displaying transit time values graphically. 

11. An arrangement comprising a data switch according to any of Claims 
1 to 9 associated with a network controller for controlling a plurality of data 
switches, the network controller being arranged to configure each data 
switch to monitor cells of a defined characteristic and to obtain the results 
of monitoring from each data switch. 

12. An arrangement according to Claim 11, wherein the network 
controller includes means for inputting an identifier of a connection across 
the network to be monitored and is arranged to configure each data switch 
associated with that connection to monitor cells associated with the 
connection and to return the results of monitoring to the network controller. 

13. An arrangement according to Claim 1 1 and 12, wherein the network 
controller is arranged to provide a visual output of a representation of each 
network node and the transit delay data associated with that network node. 

14. An arrangement according to any of Claims 1 1 to 13, wherein the 
network controller is arranged to determine a measure of transit delay 
between network nodes. 
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15. A switch according to any of Claims 1 to 9 including means for 
inputting a universal time reference, whereby transit times between similar 
switches can be correlated. 

16. A method of obtaining a measure of a transit delay v wifriin a data 
switch comprising: " J... - • 

applying a time stamp to a cell arriving at the switch prior to switching 
by a switch core; , v M 

switching the cell within the switch core; 

determining a measure of said delay by, reading the time stamp after 
switching by the switch core. 



17. A switch or a network substantially as any one herein described, or 
as illustrated in either of the accompanying drawings. 
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